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We report early follow-up observations of the error box of the short burst] 
050813 using the telescopes at Calar Alto and at Observatorio Sierra Nevada 
(OSN), followed by deep VLT/FORS2 I - band observations obtained under very 
good seeing conditions 5.7 and 11.7 days after the event. No evidence for a 
GRB af terglow was fou nd inour Calar Alto and OSN data, no rising sup ernova 
com ponent was detect ed in our FORS2 image s. A poten tial host galax y can be 
identified in our FORS2 images, even though we cannot state with certainty its 
Association witfTGKB 050813. In any case, the optical afterglow of GRB 050813 
was very faint, well in agreement with what is known so far about the optical 
properties of afterglows of short bursts. We conclude that all optical data are 
not in conflict with the interpretation that GRB 050813 was a short burst. 

j Subject headings: Gamma rays: bursts: individual: GRB 050813 — Supernovae] 
general 


1 Introduction 

1.1. Short Burstd 


Much progress is currently being made toward understanding the nature of the progem 
itors responsible for the class of short-duration, hard gamma-ray bursts (Kouveliotou ct al. 
1993, see also Appendix B). While the physical link between long-duration, soft gamma-ray 
bursts and the core collapse of massive stars (e.g., Paczynski 1998) has been conclusively con- 
firmed by the spectroscopic detection of supernova (SN) light following some bursts (Stanek 
et a l. 2003; Hjortlr et al. 2003; Pian et al. 200 6; Woosley &; Bloo m 2006, fo r a review ), the 
nature of the sources responsible for short bursts remains to be revealed in full. Although 
there is a developing consensus in the community that at least some short bursts are due 
to merging compact stellar objects (cf. Fryer, Woosley & Hartmann 1999; Aloy, Janka, & 
Muller 2005; Rosswog 2005; Oechslin & Janka 2006; Faber et al. 2006), an unambiguous ob- 
servational veri fication of this model is not an easy task and h as not yet b een acco mplished . 
Furthermore, the origin of a certain fraction of short bursts as giant flares of magnetars in 
near by galaxies seems to be po ssible as well (cf. Tanvir et al. 2005) . Indeed, the short -hard 


1 Based on observations collected at the European Southern Observatory, La Silla and Paranal, Chile 
(ESQ Programme 0 75. D-0415) and o n observations taken at the Germa n-SpanishT lalar AltcT Observatory 
and at IAA’s Ob servatorio de Sierra Neva da in Spain. 
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burst 0 5110 3 d ete cted by the Interplanetar y Netw ork (Golenetski i et al. 200 5) might be the 
first well-localized member of thi s class (F rederiks et ab 2006; Ofek et al. 2006^. 

Within the context of the merger model, the stellar populations underlying short bursts 
could be associated either with an old stellar population or even with a young one (Belczynski 
et al. 2006). Short bursts might therefore occur im' quiescent ellipticals or star-forming 
galaxies. Indeed, the first short burst well-localized by Swift, GRB 050509B (Gehrels et 
al. 2005), was asso ciated with a giant el liptical galaxy located in a cluster of galaxi es at 
z = 0 . 225 ( Blo om et al. 2006; Ped ers en et al. 20 05 ), while the HE TE-2 sh ort burs t GRB 
050709 (Hjorth et al. 2005b) occurred in an isolated, star-forming dwarf galaxy. Shortly 
thereafter GRB 050724 was found in association with a lone early-type galaxy (Bloom et 
al. 2005; Prochaska et al. 2005; Berger et al. 2005a; Gorosabel et al. 2006). Assuming as 
a work ing definition that a short burst should have r 3 n < 2 s, then since GRB 050813 six 
further short bursts have been accurately localized by HETE-2 or Swift via their X-ray 
after glows by the en d of September (see also table 8 in Donaghy et al. 20 06). Among t hem 
GRB 051210 (La Parola et al. 2006), GRB 060502B (Bloom et al. 2007) and GRB 060801 
(Racusin et al. 2006) had only X-ray afterglows, while GRB 051221A (Soderberg et al. 2006), 
GRB 060121 (Malesani et al. 2006; Levan et al. 2006; de Ugarte Postigo et al. 2006) and 
GRB 060313 (Homing et al. 2006, Hjorth et al. 2007, in preparation) have detected optical 
afterglows as well. A broad range of morphological types of host galaxies was derived for this 
set. For e xample, Bloo m et al. (2007 ) postulated an association between GRB 06050 2B and 
airtight elliptical galaxy at a large offset atTW=7(L2877wIiile GRB 05 1 22 1 A is associated with 
an isolated star- forming dwarf galaxy (Soderberg et al. 2006), and the host of GRB 060121 
might be a dusty edge-on irregular or spiral galaxy (Levan et al. 2006). This “mixed-bag’1 
of host types i s consistent with the idea that merging compact binaries will sam ple all t ypes 
of galaxies, even those in which star formation turned off a long time ago. The short burst 
GRB 050813 belongs to the small set of short bursts for which up to date it has not been 
possible to define precisely the host galaxy. 


1.2. GRB 050813 

According to its observed duration (T 90 , see below), GRB 050813 can be associated 
with the class of short bursts with very high (99.9%) probability (Donaghy et al. 2006). In 
addition, its measured spectral lag is consistent with zero, another important property of 
short burs ts (Norris &; Bonnell 2006; Dona ghy et al. 2006). Furthermore, the small orig inal 
Swift XRT error circle encompasses parts of an anonymous cluster of galaxies with ellipticals 
inside and close to the error circle (Gladders et al. 2005; Gorosabel et al. 2005; Prochaska et 



al. 2006). Taken tog ether, these observations suggest t hat GRB 050 813 s hould be con sidere d 
as a typical short burst. 

GRB 050813 was detected by the Swift satellite on 2005 August 13, 6:45:09. 76 UT 
(Retter et al. 2005). Its duration in the 15-350 keV band was 0.6 ±0.1 seconds (Sato 
et al. 2005), making it after GRB 050509B and 050724 the third short burst that Swift \ 
localized quickl y and precisely. It is r e mini scent of GRB 050509B , which h ad a ver y fain t 
X-ray aftergl ow (Gehrels et al. 2005) . Ground analysis of the X-ray data re veale d a fain t, 
uncatalog ued source at coordinates R A, DEC (J2000) = 16 11 0 7 m 57!0, +1 1° 14' 52" wit h 
an uncertainty of 10 arcsec radius (Morris et al. 2005). This position was later refined by 
Moretti et al. (2006) to RA, DEC (J2000) = 16 h 07 m 57 s 07, +11° 14' 54"2 with an uncertainty 
of 6.5 arcsec radius; an even smaller error region was reported by Prochaska et al. (2006). 
No optical or near-infrared afterglow candidate was found. Li (2005) reported an unfiltered 
upper limit of magnitude 18.6 at 49.2 seconds after the burst. UVOT observations started 
102 seconds after the trigger and a 3-sigma upper limit of V = 19.1 was derived from a 
188 seconds exposure (Blustin et al. 2005). Sharapov et al. (2005) found a limiting /-band 
magnitude of ~21 at 10.52 hours after the burst, while Bikmaev et al. (2005) reported an 
A- band upper limit of ^23 at 12.75 hours after the event. 

Spect roscopy of galaxies close to and inside the XRT error cir cle reveal ed a mean red shift 
o f z = 0.72 (Berger 2005b; Foley, Bloom & Chen 2 005; Prochaska et a l. 2006 ), indi cating 
the possibility that this may also be the redshi ft of the GRB. This was later refuted by 
Berger (2006), who argued that the host is a background galaxy at a (photometric) redshift 
of about 1.8, possibly related to a background cluster of galaxies. This would make GRB 
050813 the second most distant (after GRB 060121, de Ugarte Postigo et al. 2006; Levan et 
al. 2006) short burst for which a redshift could be estimated) 

Here we report on a deep follow-up observing campaign of GRB 050813 with telescopes 
a t Paranal, Chile , as well as at Calar Alto and a t t he Observatorio Sierra N evada (OSN), 
Spain. The constraints we can set on any SN component following this burst as well as the 
faintness of its optical afterglow match well into what is known so far about the properties of 
short bursts. Throughout this paper we adopt a world model with H 0 = 71 km s -1 Mpc _I , 
Dm = 0.27, Da = 0.73 (Spergel et al. 2003), which for z= 0.72 yields a distance modulus of 
43.22 mag. The luminosity distance is 1.36 x 10 28 cm and 1 arcsec corresponds to 7.23 kpc. 
If 2=1.8, the corresponding numbers are 45.7 mag, 4.26 x 10 28 cm, and 8.55 kpc. 
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2. Observations and data reduction 

A first imaging of the GRB error box was performed with the 1.5-m OSN telescope 
at Observatorio Sierra Nevada and the Calar Alto 2. 2-m telescope equipped withCAFOS 
starting already 0.5 days after the burst (Gorosabel et al. 2005). Unfortunately, these obser- 
vations resulted only in upper limits for the magnitude of any optical transient (Table 1). In 
order to set con straints on a r ising SN component, we have then carried out deep follow-u p 
observations using VLT /FORS2 in sta ndard resolution (SR) imaging mode with a scal e of 
0.25 arcsec per pixe l (field o f view 6(8 x 6 (8). Ob servations were performed in the Bessel 
1 band in order to minimize the potential mflueiice of host extinction on the discovery of 
a fading (afterglow) or a rising (supernova) source. A first run was performed on August 
19 .061 to 19. 088 UT, 5.8 da ys after the burst. Ten frames were obtained, 200 seconds ex- 
pos ur e ti me e ach. Seeing co nditions were very g o od , ~ 0.5 arcsec. A second r un using the 
same instrumental setup was performed on August 24.990 to 25.017 UT, 11.7 days after the 
burst. Atmospheric seeing conditions were even better than during the first observing run, 
approaching 0.35 arcsec. Both nights were photometric. 

The FORS2 images were bias-subtracted and flat-fielded with standard reduction proce- 
dures provided within IRAFc Frames obtained on the same night and in the same band were 
summed tog ether i n order to increas e the signal-to-noise ratio. Photonietry was pe rformed 
with standard Point Spread Function (PSF) fitting using the DAOPHOT II image data 
analysis package ’’PS F-fitting 2 3 algorith m” (Stetson 1987) within the MIDAS platform. 4 In 
addition, we performed aperture photometry using the IRAF Aperture Photometry Package 
Apphoti 

Additional spectroscopic observations covering the entire original r=10 arcsec XRT error 
circle (Morris et al. 2005) were performed with the Integral Field Unit VIMOS/IFU at the 
ESO-VLT starting 20 hours after the burst. Unfortunately, these observations could not be 
implemented into this study due to technical problems with the dataJ 

Figure 1 shows the Swift XRT 90% containment radius reported by Morris et al. (2005) 
(large circle), the refined error circle by Moretti et al. (2006) (small circle) and, as a small 
ellipse, the re-analyzed X-ray error box (68% containment radius) given by Prochaska et al. 


2 http: //iraf.noao.edd 

3 The PSF-fitting photometry is accomplished by modeling a two-dimensional Gaussian profile with two 
free parameters (the half width at half maxima along x and y coordinates of each frame) on at least five 
unsaturated bright stars in each im age . 


4 http://www. cso.org/projects/esomidas’ 
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( 2006 ). In the origin al r 1 0 arcsec XRT er ror circle we identify 11 sources, designate d by 
the letters C, D, E, F and the numbers from 1 to 7. Note that B = X, C = B, 4 = B* 
and E = C in the nomenclature of Prochaska et al. (2006). The X-ray error box published 
by Prochaska et al. (2006) contains only two sources, of which #6 is the one identified by 
Berger (2006) as the possible host galaxy possibly related to a cluster of galaxies 5 at 2=1.8. 
Nothing can be sai d a t this st age about the red shift of so urce #7, h owever. He re, we ass ume 
that it is a memb er of the cluste r o f galaxies at 2 =0.72 (B erger 200 5b; Foley, Bloom & Chen 
2005; Prochaska e t al. 2 006 ) \ 


3. Results 

Our two FORS2 observing runs were arranged such that they would allow us to search 
for a fading (afterglow) as well as for a rising (supernova) component following GRB 050813, 
supposi ng 2=0.72 . Initially we searc hed for a tr ansient isol ated poin t source in the o riginal 
10 arcsec X RT error cir cle, but we did not find o ne. The fact t hat the sou rces #2, # 5 and #6 
( Fig. 1 ; Table 3) are not det ected in the combin ed ima ge of the first VLT/F ORS2 ob serving 
run might be due to the presence of the Moon, causing an enhanced sky background level. 
During the second FORS2 run the sky background was much lower and the seeing even 
better than during the first observing run. We conclude that any well-isolated afterglow or 
supernova in th is field w as fainter than the ma gnitude limits at the time of the two F QRS2 
observing runs, 7=25.1 and 25.5, respectively. 


3.1. Search for an afterglow component 

Based on our deep FORS2 observing runs, we searched for a potential fading afterglow 
superimposed on the brightest extended sources (galaxies) in the held (Table 2). No evidence 
for variability due to an underlying transient source was found. Prochaska et al. (2006) 
identified object C and E as elliptical galaxies (Fig. 1), with C being the most likely host 
candidate based on its location relative to their revised elliptical error circle. In our images 
source E appears to have an irregular halo which does not support its classification as an 
elliptical. Image subtraction did not reveal any transient source superimposed on this galaxy. 
Detailed analysis shows that we would have been able to detect (at 3 a) a fading afterglow 
superimposed on this galaxy if its 7-band magnitude had been 23.5 at the time of the first 


5 E. Berger, talk gi ven at “Swift and GRBs: Unveiling the Relati vistic Universe ” , San Se rvolo , Venice 
(Italy), 2006 June 5-9 
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Among all seven clearly detected sources in tEe original 10 arcsec XRT error circle on our 
second FORS2 run (Fig. 1) we find tentative evidence for a fading of source ^7 (Table 3). 
However, the derived magnitudes agree within 1.5a. Unfortunately, in our first FORS2 
images MIDAS daophot was unable to perform photometry <x>f this galaxy, so that we had 
to estimate its magn itude in co mparison to neighboring g alaxies as well as in compari son to 
the dedu ced lim it ing magnitud e of t he fi rst FORS2 run. Image sub traction (via t he second 
FORS2 run ) fails to identify a fading point source superimposed on this obj ect. Source # 7 
is clearly extended in our images (O'.' 7 semi-major axis) and might be a late-type galaxy 
seen nearly edge-on. Its presence in the small XRT error ellipse derived by Prochaska et 
al. (2006) might favor its identification as the GRB host galaxy. Our data imply that the 
angular dist ance between the afterglow and the host was ra ther small, less than about 0.6 
arcsec (corr esponding the angular radius of the aperture). If z—Q.7‘2 then this correspo nds 
to a projected distance from the center of this galaxy of less than 4 kpc. 


3.2. Upper limits on a supernova] 

One of the main observational characteristics of a short burst should be the absence of a 
SN component in the late-time afterglow (Hjorth et al. 2005a), as the merger is not expected 
to result in the kind of radioactivity-powered optical display typical for thermonuclear (Type 
la) and core-collapse (T ypes II a nd Ib /ct T supernovae. However, mergers may have sub- 
relat ivistic explosions with low amount of ejected mass (Li fe Paczynslci 1998; Kul karni 
2005), which are powered by the decay of free neutrons. But they should have a very small 
luminosity. In agreement with these expectations, strong upper limits could be set so far on 
any potential SN component accompanying short bursts (cf. Hjorth et al. 2005a; Fox et al. 
2005). 

The constraints we can place on a rising SN component for GRB 050813 are less severe, 
given the potentially relatively high redshift of this burst. For the cosmological parameters 
employed here, SN 1998bw (Galamaet al. 1998) redshifted to z= 0.72 would have magnitudes 
of 1=24.7 and 7=23.9 during our first and second VLT/FORS observing run, respectively, 
after taking into account a Galactic reddening of E(B — V)= 0.056 mag (Schlegel, Finkbeiner 
& Davis 1998) in the direction of GRB 050813. At that brightness level we would have de- 
tected the SN if not superimposed on a much brighter host or strongly extinguished by dust. 
More precisely, we conclude that at the time of our second FORS 2 observation any supernova 
following GRB 050813 was at least about 1.5 mag less luminous than SN 1998bw. While con- 
straints placed on any SN component underlying the afterglow of e.g. GRB 050509B (Hjorth 
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et al. 2005a) and GllB 050709 (Fox et al. 2005; Covino et al. 200G) are much str onger, this 
makes a potential SN component following GRB 050813 already fainter than any of the 11 
GRB-SNe of long bursts known to date (Ferrero et al. 2006, their Figure 6). 

On the other hand, we would have been able to detect (at 3 a) a rising SN component 
superimposed on the bright galaxy E (Fig. 1) only if its /-band magnitude had been 23.5 
at t he t i me of the secon d FORS2 obs e rva tion. In other words, a SN 1998bw-li ke component 
wou ld be missed in this cas e. T he same holds for a typical type la supern ova (Krisciu nas 
et al. 2003), which would have had 7=2 6.9 and 7=25.4 at th e time of our first and sec ond 
FURS 2 observing run, respectively. 


4. Discussion 

One of the main goals of our observing runs was the localization of the afterglow and 
hence the identification of the GRB host galaxy. Basically, there are two possibilities: (1) 
Source # 7 is the sum of the GRB host galaxy and a faint afterglow, as indicated by its 
margi nally significant variability. (2) Thi s variability is an artifact in ou r data (close to the 
detection limit, variable seeing conditions). So, the host cannot be identified and we have 
to consider other arguments that favor or disfavor any galaxy visible on the deep FORS2 
7-band images of the XRT error circle as the potential host] 

If the afte rglow w as l ocated in the galaxy desi gnated #7, then we ca n const rain its light 
curve parameters based on our 7-band upper limits reported in Table 1. Assuming that the 
afterglow light curve had a break before our first FDRS2 observation, then between our two 
FORS2 runs the flux density of the afterglow followed a single power-law decay with a slope 
<32- Writing down the measured flux density for the two FORS2 epochs (Table 3) as a sum 
of the afterglow light and the light from the underlying host galaxy, we can then solve for 
both unknowns as a function of « 2 . Afterglows (of long bursts) observed in the pve-Swift-em 
imply that in most cases a 2 > 2 (Zeh, Klose k, Kami 2006). If q 2 was betw een 2.0 and 2.5, 
then the magnitude ofThe afterglow at the time of the first and second FORS2 observing 
run was around 7=25.7 and between 1=27.2 and 27.7, respectively, while 7=19.4 to 20.6 at 
the time of our OSN observations. Given our magnitude limit of 7 >22.8 at this time (Table 
1), a break in the light curve must have occurred before the first FORS2 run, in agreement 
with our assumption. Depending on the b reak time t b and the val ue of q 2 , th e value implie d 
in this way for the pre-break decay slope a\ is between 0.03 and 0.83 if tb = 2.4 and 5.7 
days, respectively (shorter break times would imply < 0). These val ues are no t unusual 
for GRB afterglows, even for short bursts (Watson et al. 2006). 
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Given the fact that we cannot state with certainty that the fading of source #7 is an 
artifact of the data or not, we cannot exclude that indeed no afterglow is visible in our 
images. GRB 050813 then joins the increasing list of short bursts with no detected optical 
afterglow, starting with GRB 050509B (Bloom et al. 2006; Castro-Tirado et al. 2005; Gehrels 
et al. 2005; Hjorth et al. 2005a). Using the upper limits on the afterglow of GRB 050813 
(Table 1) we can follow Kami, Klose & Zeh (2006) and place the properties of this afterglow 
in the cont ext of other know n GRB afte rglows ^Fig. 2). T he lo ng b urs t afterglows show n 
in Fig. 2 by solid lines are those from the '’Golden Sample” of Kami, Klose &: Zeh (2006), 
i.e., those that have sufficient 7-band data. In addition, we analyzed the available - afterglow 
data on the short bursts GRB 050709 (Hjorth et al. 2005b; Fox et al. 2005; Covino et al. 
2006), GRB 050724 (Berger 2005b), GRB 051221A (Soderberg et al. 2006) and GRB 060121 
(Levan et al. 2006; de Ugarte Postigo et al. 2006) in an analogous way and also included them 
in Fig. 2 (see the Appendix B for details). As can be seen, short burst, optical afterglows are 
intrinsically very faint, with the afterglows of GRB 050724 ancTGRB 051221A being about 

3 magnitudes fainter than any long burst afterglow in the sample, and GRB 050709 being 

4 magnitudes fainter at one day after the burst and assuming z — 0.72 (in agreement with 
the predictions for short burst afterglows; Panaitescu, Kumar &; Narayan 2001). They are 
also significantly fa inter tha n in trinsically faint afterglows of some long GRBs, su ch as GRB 
021211. Only the afterglow of GRB 060121 is comparable with the typical afterglows of long 
GRBs. The upper limits on the optical afterglow of GRB 050813 show that its luminosity 
was also far below typical luminosities of (extinction-corrected) afterglows of long bursts. 
On the other hand, it matches the luminosity region occupied so far by afterglows of the 
short bursts (with GRB 060121 being the only exception). 

Naturally, if source ^7 is not the h ost, then the r i chn ess of galaxies in the XRT e rror 
circle does not allow us to identify the host galaxy. Figure 1 shows that there are only two 
sources i n the error ellipse (Prochaska et al. 2006), while there are at least three ad ditional 
sources in the refined error circle (Moretti et al. 2006). The former might favor a burst 
related to the very faint sources #6 and #7 (source #6 appears point-like in our images) 
but it does not even exclude an event in the outer halo of source C, an elliptical galaxy at a 
redshift of 0.719 (Prochaska et al. 2006). The minimum distance between the border of the 
error ellipse and the center of this galaxy is 3.2 arcsec, corresponding to a projected distance 
of 23 kpc. This is less than the projected distance of the error circle of GRB 050509B from 
the center of its suspected host, an elliptical galaxy at a redshift of z=0.225 (Gehrels et al. 
2005). In addition, the minimum angular distance between source E and the border of the 
error ell ipse is 7.1 arcse c, corresponding to a projected di stance of 51 k pc. Even thi s i s within 
the range predicted by recent models of merging compact objects (see Belczynski, Bulik & 
Kalogera 2002; Perna & Belczynski 2002). The error circle determined by Mo retti et al. 
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(200 6) is muc h larg er, and thus a llows n ot only s ource C but also gal axy E a t z = 0.73 ±0.0 1 
(Proc haska et al. 2 006) to be the pot ential h ost of GRB 050813. T his ga laxy was classified 
by Prochaska et al. (2006) as an elliptical galaxy, while our images show morphology that 
point either to a spiral or to an irregular galaxy. The nature of the fifth, point-like source 
in the refined error circle, #4, remains undetermined] 

Whi le t his paper was su bmitted, a new revi sed XRT error circle w as re ported b y Butle r 
(2 006). Thi s revised error ci rcle is 3.8 arc se c in radius and c entere d clo se to th e edge-o n 
ga laxy whic h we fou nd to b e the poten tial host galaxy (sour ce #7 , see Figure 1). Wh ile 
this does not prove that the source #7 is the host, it is in favorable agreement wlthTthis 
possibility. 

To summarize, our optical data support the interpretation that GRB 050813 was a short 
burst giving rise to a faint optical afterglow and a faint SN component (if at all). If it was 
occurring in a cluster of galaxies at a redshift of Z--0.72, as it might be indicated by the 
surrounding galaxy population, then its projected distance from its potential host galaxy 
could have been of the order of less than 4 to some dozen kpc,TIepending on the chosen 
potential host galaxy, in any case not atypical for what is known about short bursts so far. 
On the other hand, if the burster would had been at z—1.8 (Berger 2006), no SN 1998bw-like 
component w oul d have been detectab le in our im ages and any aft erglow c om ponent would 
have bee n corr espondin gly fainter th an in the former case (Figure 3) 
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A. What is a short GRB7 


Short bursts, by phenomenological classification introduced by Kouveliotou et al. (1993), 
are bursts whose Tgo duration measured with BATSE was less than 2 sec. Even though it has 
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already been known in the 1990s that 7 90 is a function of energy (and of detector properties), 
this definition, because of its simplicity, has been widely used even in the HETE-2 and in 
the Swift, era. In principle, having now much more observationahdata at hand for individual 
bursts than in the BATSE era, this phenomenological definition/classification scheme calls 
for a more accur ate, namely a phy s ic al classificatio n scheme. This, however, is a di f ficult 
task that is not yet solved in a satisfactor y manner. 

The observed bimodality in the T 90 distribution of all BATSE bursts clearly showed 
that there are two kindsTIf bursters . It can be fitted very well by two overlapping Gaussian 
functions, suggesting that there are twcTdifferent populations of progenitors responsible for 
the emission of GRBs (for the potential existence of a third group see, e.g., Horvath et al. 
2004). This statement however refers to the GRB ensemble as a whole. Difficulties arise if 
one wants to clas sify an in dividual burst , because bot h Gaussian functions overlap] 

In the Swift era, the observational situation has improved a lot. First at all, given that 
this is a different satell ite / detector, an y sta tistics of the GRB duration distribution has to 
b e est ablished again based on Swift hursts alone and it has to be checked at which duration 
T 90 the two fitted Gaussians overlap. 

However , Swift has sho wn that the observational situation is much more c o mpl ex, too. 
For exa mple, some bur sts have l ong soft tail s extending over sev eral hundred seconds afte r 
the trigger whi le starting with a shor t spike (e.g., GRB 0610 06; Krimm et al. 2006). The 
question is, can we find any observational paramefersThat tell us exactly for any individual 
burst whether it was a member of the long or ofThe short burst class? In a more accurate 
and much more physical way, the question is (see also Zhang 2006): Which criteria apply 
for the GRBs and their follow-up phenomena if the burster was a collapsing single star or a 
compact merger ev ent? Fo rtunately, the f ormer doe s indeed provide us with a clear signal, 
namely the appearance of a SN 1998bw-like component in the GRB afterglow. Any such 
bright component rules out a merger event according to our present understanding of mergers 
of compact stars. Similarly, any GRB originating in an early- type galaxy cannot, according 
to our present understanding of ellipticals, be related to the collapse of a single massive 
star because there is no ongoing star- formation in elliptical galaxies anymore (at least at 
low redshifts) . Unfortunately, these two criteria are the only clearly observationally founded 
criteria so far that can help to classify an individual burst unambiguously with respect to 
tire nature of its progenitor. If no ShT is seen following a GRB then the burst can still be due 
to the collapse of a single sTarj but Then for sure something was very different in the collapse 
compared to the progenitors of the other GRB-SNe known so far (e.g., GRB 060614; Gehrels 
et al. 2006; Fynbo et al. 2006; Della Valle et al. 2006; Gal- Yam et al. 2006). On the other 
hand, t he non-d etectabilit y of a SN comp onent does not automatically imp ly that the burst 
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was due to a merger event. In a same way, merger events can also occur in late-type spirals. 
So, if any GRB originates in a fate-type spiral it cannot he classified based on the nature of 
the underlying host galaxy alone] 

It is clear that the classification of individual bursts with respect to the nature of 
their progenitor is difficult. Recentr investigations tackle this problem and have led to the” 
suggestion of much more then just one criterium in order to classify a GRB (Donaghy et al. 
2006; N orris &; Bon nell 2006). As long as no consensus has be en reached i n the lite rature 
what the ultimate criteria are for a burst tcTbe classified as being due to a merger event, in 
several cases only arguments can be provided that favor one scenario for the other (merger 
vs. collapse). The detection or non-detection of a SN signal plays a key role in this approach 
but has come into question recently (see Gehrels et al. 2006; Fynbo et al. 2006; Della Valle et 
al. 2006; Gal-Yam et al. 2006; Zhang 2006). This leaves the nature of the host galaxy as the 
strongest argument to detect a GRB due to a merger event, namely if the host is an elliptical 
galaxy. But the potentially broad range in merger times ancThence distances of the merger 
events from their host galaxies (cf. Belczynski et al. 2006) might also call into question the 
application of this criterium. GRB 050813 belongs to those bursts that demonstrate all these 
problems in detail. 


B. The light curves of the short burst afterglow^ 

In Fig. 2 we included those four GRBs that have both an optical afterglow and a red s hif t 
derived either from host gala xy spectroscopy or photometry (GRB 060 121; de Ugarte Pos tigo 
et al. 2006). 

For GRB 050709, we derive a decay slope of a = 1.68 ± 0.15 from the i?c-band fight 
curve. Fox et al. (2005) noted that the late Hubble Space Telescope (HST) data indicate a 
stee pening o f the fight curve deca y, possibly due to a jet break. Using the Rc -band de cay 
index, we find a rebrightening (significant, at t he 5 a level) in t he HST data, bu t onl y marginal 
evidence that the afterglow is fainter than expected from the early decay in the last HST 
detection. This result is in accordance with Watson et al. (2006). The fight curve shown in 
Fig. 2 is composed of the Rc data shifted to the HST F814W zero point, plus the HST data. 
From the V,Rc,F8,K' spectral energy distribution (SED), we derive a steep uncorrected 
spectr al slope /3g = 1 . 71 ± 0.17. This is indicative of additional sour ce fram e extinction . As 
the host is a blue dwarf g alaxy (Fox et al. 2005), we ass umed SMC-ty pe dus t (Pei 19 92). 
A free fit implies f3 — 0.26 ± 1. 16 and a host extinctio n of Ay (host) = 1.46 ± 1.07 ma g, a 
very high value indeed. As the single K '- data point has a very large error (0.7 mag), this 
value may not be trustworthy. For a progenitor that has traveled far from its birthplace, 



- 13 

an unstrat ified surrounding mediu m is expected (de n sity p o c r°). We fixed (3 to the value 
deri ved from the pre-b reak d ecay slop e eg, and find ft — 1.12 a nd Ay(ho st)= 0.6 7 d= 0.19 
mag. We used these parameters to correct and shift the light curve. 

For GRB 050724, we derive, after correcting for the high Galactic extinction, K — I — 
* 1.81 mag and a spectral slope of (3 = 0.3. This low 'value may imply an overcorrection for 
extincti on. No s ource fram e extinc tion was a ssu med. T he lig ht curv e consist s of the two 
/-data p oints (sho wing a risin g beha vior) and th e R T-band upper limit shif ted to the I band. 

In the case of GRB 051221 A, we find that the Tight curve decays as a'single power-law 
with a slope a = 0.94 ± 0.03, in accordance with Soderberg et al. (2006). We derive a flat 
spectral slope (/? = —0.16 ± 0.84) from the r'i'z' spectral energy distribution, but caution 
that the errors of the i' and z' data are very large. Assuming an unstratified surrounding 
medium and a cooling frequency blueward of the optical bands, we derive (3 = 0.62 (coupled 
with a typical power-law index of the electron distribution function of p = 2.25; cf. Kami, 
Klose & Zeh 2006) . We used this spectra l slope and as sum e no add itional e xtinction to shift 
the light curve. 

Combining the data from Levan et al. (2006) and de Ugarte Postigo et al. (2006) of 
GRB 060121, we fi n d that the zero points of the two data sets differ. We shifted the data 
from de Ugarte Postigo et al. (2006) to the fainter zero point of Levan et al. (2006). The 
li ght curve ha s a com plex shape an d seems to incl ude several rebrightenings (Fig. 2). It is 
composed of T c data and R c Rata shifted to the l c zero point. We used the redshift and host 
galaxy extinction derived by de Ugarte Postigo et al. (2006), assuming the more probable 
redshift of z — 4.6, and a spectral slope in the optical of (3 — 0.6, as derived by the authors 
cited above. 

In all ca ses, e xcept for GRB 060121, the after glo w data do not contain any host c on tri- 
bution. For GRB 060121, we used a host galaxy magnitude derived from the HST measure- 
ments (Levan et al. 2006). To correct for Gal actic ext inct ion, we us ed th e value der ived from 
the maps of Schlegel, Finkbeiner & Davis (1998) for GRB 050709, 051221A and 060121, and 
Eb-v = 0.87 mag for GRB 050724 (as suggested by Berger et al. 2005a). 
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Fig. 1. — VLT /-band image of the GRB field obtained 11 days after the burst, showing the 
original 10 a rcsec (radi us) XRT err or circle of GRB 050813 (Morris et al. 2005) (l arge circ le), 
the refined error circle by Moretti et al. (2006) (small circle, center around source #4), the 
revised error ellipse (Prochaska et al. 2006), the refined error circle by Butler (2006) (small 
circle, center around source #7) and the objects listed in Tables 2 and 3j 






t (days after burst in the observer frame assuming z=0.7) 


Fig. 2 . — The 7-band light c urv es of all afterglows from the ’’Golden Sample ” of Kami, Klose 
& Zeh (2006) after correction for Galactic and for host extinction and after shifting them 
to a common redshift of 2=0.722, the potential redshift of GRB 050813. Two long GRB 
supernova rebrightenings are indicated. Also shown are the /-band afterglows of the short 
bursts GRB 050709, 050724, 051221A and 060121 shifted in a similar way, and our upper 
limits on any afterglow or supernova from GRB 050813 (upside-down triangles). For GRB 
060121 a redshift of 2 = 4.6 (de Ugarte Postigo et al. 2006) is assumed here. If 2=1.7 is 
assumed instead (de Ugarte Postigo et al. 2006), then the light curve of this afterglow faffs 
much closer to the light curves of the other short bursts] 


Extinction corrected and host subtracted I magnitude shifted to z= 1.8 
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t (days after burst in the observer frame assuming z=1.8) 


Fig. 3. — The same as Fig. 2, but for a redshift of 1.8j 



Table 1. Observing log of the GRB 050813 field 


Date [days] t — tp a [days] Mag b Exposur e [s] Filter Telescope 


13.8333 

0.5519 

22.8 

10x600 

I 

n.SHTDSN 

13.8708 

0.5894 

23.3 

23x180 

R 

2.2m, CAFOS 

14.8475 

1.5661 

23.1 

24x300 

R 

2.2m, CAFOS 

19.0606 

5.7792 

25 n 

10x200 

r 

8.2m, FOKS2 

247S550I 

IL7087 

25.5 

10x200 

r 

8.2m, FORS2 

a £ 0 = 2005 August 13.2814, 

the time of the burst. 

All dates refer to August 2005 and give the time of the start of the first 


exposure; 


b The limiting magnitude of the combined image. 



Table 2. The objects used f or the calibration of the ph otometry (A .B.F.Cl.ll. l ) and the 
[brightest gal axies in the XRT error circle (C ,D , E) . 



RA 15 

DEC b 

/ 

A 

16:07:57.72 

+11:15:02.24 

24.68 ± 0.35 

B 

16:07:57.50 

+11:15:02.13 

21.83 ± 0.09 

;c 

16:07:57.19 

+11:14:53.15 

22.43 ± 0.12 

D 

16:07:57.16 

+11:14:46.86 

23.38 ± 0.22 

IE 

16:07:57.01 

+ 11:14:47.61 

22.74 ± 0.28 

F 

16:07:56.85 

+11:15:01.80 

20.88 ± 0.03 

G 

16:07:56.66 

+ 11:15:02.87 

23.61 ± 0.19 

B 

16:07:56.53 

+11:15:01.11 

22.85 + 0.14 

I 

16:07:56.10 

+11:14:47.34 

23.50 + 0.17 


a The numbering follows Fig. 1J 
b Epoch J2000 



Table 3. The photometry of the fainter sources in the XRT error circle. 


# a 

RA b 

DEC b 

I run l c 

/ run 2 C 

1 

. 16:07:57.00 

+ 11:14:43.83 

24.7 < I < 24.9 

24.4 < I < 25.4 

2 

16:07:56.85 

+11:14:42.91 

> 25.1 

24.4 < I < 25.5 

3 

16:07:56.66 

+11:14:43.58 

24.69 + 0.24 

24.44 '±"0+0 

4 

-TMJ7157TJT- 

+ 11:14:53.65 

24.63 ±0+0 

24.67 ±0.13 

5 

16:07:56.40 

+ 11:14:48.35 

> 25.1 

25.47 ± 0.25 

6 

16:07:56.91 

+nn±55^r~ 

> 25.1 

25.64 ± 0.28 

7 

16:07:57.07 

+11.14.57.43 

24.7 < I < 25.1 

25.41 ± 0.25 


a The numbering follows Fig. li 
b Epoch J2000 

c Run 1 and run 2 refer to the first and second VLT/FORS observations, respectively.; 



